General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



AEROSPACE REPORT NO. 
ATR-7fe(7S17)-l 


Space Physics Laboratory 
No. SPL-76(7517)-1 


(NASA-CE-m6347) REDUCTION AND ANALYSIS OE 
ATS-6 DATA Final Report, 1 May - 15 Jul. 

1975 (Aerospace Corp. , El Segundo, Calif.) 

26 p HC $a.00 CSCL 03B 

G3/93 


FINAL REPORT 

REDUCTION AND ANALYSIS OF ATS-6 DATA 
CONTRACT: NASW-2762 


Period of Performance: 
I May to 15 July 1975 


G. A. Paulikas and J. B. Blake 
Space Physics Laboratory 


SEPTEMBER 1975 


Laboratory Operations 
THE AEROSPACE CORPORATION 
El Segundo, California 


N76-19039 

Unclas 

15049 


This work was conducted under NASA Contract NASW-2762. 



Report No. 
ATR-76(7517)-1 


FINAL REPORT 


REDUCTION AND ANALYSIS OF ATS-6 DATA 


Prepa red: 



TABLE OF CONTENTS 


Page 

I. Introduction 1 

II. Progress in Programming 2 

III. Progress in Data Handling 8 

IV. Progress in Data Reduction 10 

A. ATS-6 Data Reduction 10 

B. ATS-1 Data Reduction 12 

V. Scientific Analysis 13 

A. Phenomenology of Trapped Energetic Electrons . . 13 

B. Preliminary ATS-h Electron Environment Model • • 14 

C. ATS-1 Electron Environment Model 10 

D. ATS-l/ATS-6 Data Comparisons 1^ 

E. Studies of Access of Solar Protons 20 

VI. Transfer of ATS-6 Data to NSSDC 21 

VII. Future Plans 22 

VIII. Acknowledgements 23 

IX. References 24 


iii 


I. Introduction 

This report summarizes the work performed under NASA contract 
NASW-2762 with The Aerospace Corporation. The tasks performed under 
this contract were meant to accelerate the development of computer programs and 
reduction of data returned by The Aerospace Corporation experiment on ATS-6. 
During the time period covered by this contract we developed and de-bugged a 
data reduction program which presents the Aerospace particle data and the 
UCLA magnetometer data in a variety of formats suitable for ane-lysis as well 
as further data processing. Fifty days of data were processed through 
this program and analysis of these data were begun. In addition, modifications 
were made to an old ATS- 1 program in order to enable this program to process 
ATS-1 data obtained simultaneously with ATS-6 data acquisitions during 1974. 
Some analysis of ATS-1 data and comparison with ATS-6 data also went forward. 
Finally, preparations were begun to transfer ATS-6 data to the National Space 
Science Data Center. These efforts are described in detail below. 
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II. 


Progress in Progrannming 

The primary effort under this contract was directed toward 
developing an efficient and economical computer program which would 
reduce and present The Aerospace Corporation particle data and subsidiary 
data to a format suitable for analysis or further computer processing. 

The ATS-6 data reduction program (QL-2) consists of three basic 
parts; (1) the extraction of the data from the daily experimenter tape, 

(2) the analysis and storage of the data, and (3) the plotting and printout 
routines. 

The portion of program QL-2 which extracts data from the daily 
ATS-6 experimenter tape consists of subroutines that read from the tape 
the UCLA magnetometer data, proton and electron count rates and ATS-6 
ephemeris data. The data is read in blocks of 64- sec and flagged for data 
quality and filled data. Bad data and filled data are subsequently omitted 
from all averages and plots. 

The next phase of QL-2 analyzes the data. Proton and electron 
counts are converted to counts /sec and stored. When an hour of data is 
accumulated, hourly averages of the data are calculated and an hour of 
data is plotted. Magnetometer data are analyzed with version 5 of the 
UCSD routine (graciously provided to us by Carl Mcllwain) for computing 
the ATS-6 magnetic field in spacecraft coordinates. The orbit-attitude 
information is used to transform the field into dipole coordinates (V, D, H). 

The magnetic field information is stored and plotted at l6-second intervals. 
Finally, daily plots of the electron, proton, and magnetic field data are prepared. 
Data are averaged over 320 second intervals and plotted. 

The products of this program are plots for each hour of data and 24 hours 
of data. These include electron channels, high energy proton channels and low 
energy proton channels. Magnetic field data in dipole coordinates is plotted as 
well. Ephemeris information is included on the plots (latitude, longitude, and 
altitude). Samples of the typ 3 of plots produced are illustrated in Figs. 1 and 2. 

Hourly averages for each particle channel are printed. The program 
has the option of printing all data in 64-sccond blocks. This includes proton 
and electron counts, tempe rabire, magnetic field (V,D, H;, ephemeris informa- 
tion (latitude, longitude, and altitude) and 64- sec averages of the electron and 
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proton count rates for each channel. A sample of a printout of a block of 
data and the hourly averages for a particular day of data arc presented in 
Figures 3 and 4. 


3 




m 

(V 

\ 

(n 

\ 

00 

o 


m 

CM 

0 

01 
fv 


tn 

a; 

X 


(\ 

N 

00 

(N 

\ 

(V 

o 

m 

<N 

a 


i 


Figure 1. Plot of one clay of ATS-6 data for Day 208, 1974. Electron countrates 
(Ej) are plotted above the V,D, II components of the geomagnetic field. Ephcmeris 
is annotated at the top of the plot. Siniilar plots arc also produced for the proton 
channels. 
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l-'igure 2. Expansion of the 23 hr to 24 hr interval of the data presented in 
Figure 1. Similar plots are produced for each hour of data for all electron 
and proton channels. 
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Progress in Data Handling 

The receipt, cataloging, handling and retrieval of ATS-6 data has 
proven to be unexpectedly burdensome and considerable effort has been 
expended in this area. There are two causes for this unexpected workload: 

1) Well after launch the data tape format was changed to include 
the UCLA magnetometer data onto the experimenters tapes, 
rather than providing the magnetometer data separately. This 
step is of considerable convenience in the data reduction phases 
of the effort, but has resulted in two species of data tapes in the 
system (three, if one counts the quick look tapes) with sufficiently 
different format that confusion is possible. 

2) Some difficulty was encountered by GSFC in providing correct 
orbit/attitude data. This problem was discovered sufficiently 
late that GSFC found it necessary to re-generate some of the 
early data tapes. This has resulted in there being more than 
one "final" data tape being available for a given day of data, 
with the last-generated tape containing the best orbit -altitude 
information. 

A system was developed to log in the arrival of each data tape, record 
the relevant characteristics of that tape, transfer the tape to The Aerospace 
Corporation Information Processing Division and, subsequently, record the 
processing and other operations performed on each data tape. The system is 
simple yet flexible and is working satisfactorily. 

A sample of a page of the data log is presented as Figure 5. 
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IV. 


Progress in Data Reduction 
A. ATS-6 Data Reduction 

The program developed under this contract has been used to 
reduce 100 days of ATS-6 data. Table I presents a summary of the dates 
for which ATS-6 data has now been processed; shows there also arc the days 
for which processing had been done using the earlier version of the data 
reduction program. The output of this data reduction process consists of: 
a) plots of electron and proton count rates and UCLA magnetometer information 
for each day of data on two time scales (hourly and daily plots; b) complete 
printouts of selected days of days of data and printouts of the hourly averages of 
electron and proton fluxes for each day of data that was processed; c) storage on 
tape of the hourly averages for further processing. The analysis of the averaged 
data is described in Section VB . 

Thv ' Tst of processing each day of ATS data in the manner described 
above is about v'O.'JC. The operational aspects of data processing with this 
program (and the data handling system described earlier) are sufficiently simple 
and rapid that it has been found possible to process as many as five days of data 
per working day. 
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TABLE I 


Summary of ATS-6 >Jata Processed by Day Number, 1974 
O Processed through Quick Look Program 

X Processed through program developed under present contract 
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161 

162 
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164 

l65o 

166 o 

l67o 
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B. ATS-1 Data Reduction 

The ATS-1 spacecraft, launched in late 1966 and stationed at 
150° W longitude in the synchronous orbit, contains a particle spectrometer designed 
and developed by The Aerospace Corporation. This particle spectrometer was 
still operating at the time of the launch of ATS-6 in 1974 and, in order to take 
advantage of the availability of data from two very similar particle detectors 
stationed at the synchronous orbit but separated in longitude, we requested NASA 
to acquire ATS-1 data for selected time periods of interest. The time periods 
when ATS-1 data was acquired were; a two week period in the summer of 1974, 
shortly after ATS-6 launch; a two week period during the vernal equinox 
in 1975 and a period of time coinciding with the move of ATS-6 from 94° W to 
35° E. 

In order to process ATS-1 data, it was found necessary to modify 
the original data reduction program (written in 1967) to accomodate hardware 
and compiler changes which had taken place at Aerospace as well as to make the 
graphical outputs compatible with the ATS-6 graphics. In addition, it was found 
after preliminary processing of ATS-1 data, that some slight changes in the per- 
formance parameter outputs of the experiment caused the old computer program 
to reject good data. A small software change corrected this problem and the 
revised ATS-1 program has been used to process all ATS-1 data available to us 
(Days 196-212, 1974). Portion of these processed ATS-1 data have been made 
available to the University of Minnesota for their use in ATS-1/ ATS-6 correlative 
studies. When 1975 ATS-1 data becomes available, we expect to be able to process 
these data in short order. 
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^ V. Scientific Analysis 

A. Phenomenology of Trapped Energetic Electrons 

We have now had the opportunity to examine a significant 
body of ATS-6 energetic electron data and are in a position to provide a 
preliminary description of the phenomenology exhibited by energetic elec- 
trons as observed by ATS-6. Of particular value for these interpretations 
has been the availability of UCLA ATS-6 magnetometer data made available 
to all the ATS-6 experimenters and also our ATS-1 data obtained simul- 
I taneously with ATS-6 observations. ATS-1 /ATS-6 comparisons are dis- 

I cussed in detail in Section V-D; here we concentrate on connecting the 

ATS-6 electron observations to the changes in the geomagnetic field. 

The variations in the electron fluxes at ATS-6 are very closely 
j related to changes in the magnetic field vector. In particular, it appears 

that, quite often, in the night-time quadrant, ATS-6 enters a region where 
the configuration of the geomagnetic field is tail-like, i. e. , a very large 
I V component (radially outward) of the magnetic field is observed by the 

I magnetometer. Inevitably, the fluxes of electrons with energies greater 

I I than 700 keV decrease markedly or vanish totally. Fluxes of 150-600 keV 

I electrons, while showing decreases and marked variations, do not vanish. 

Conversely, a decrease in the absolute magnitude of the V component, i. e. , 
j a return to a more dipole-like configuration of the magnetic field, results 

in the reappearance of energetic electron fluxes. 

The observations described in the above paragraph were typical of 
the data obtained in the summer of 1974. Examination of a limited set of 
i data obtained in the fall of 1974 appears to show a somewhat less dynamic 

, situation. Excursions into the tail region, i. e. , the observation of a large 

V component of the field and simultaneous disappearance of energetic elec- 
trons appear to occur less frequently. It is still too early to say whether 
{ this is a true seasonal effect, i. e. , a decrease of the effective magnetic 

latitude of ATS-6 or merely an artifact of a limited data sample. 

I The above discussion has dealt with the electron phenomenology on 

I time scale of the order of a day. There is, of course, considerable 

, variability of the electron fluxes as much shorter time scales. Again, the 
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UCLA magnetometer data hai been most helpful in categorizing the various 
classes of flux variations we have observed. 

Particularly interesting are instances of flux dropout on time 
scales of the order of an hour. These dropouts are characterized by 
changes in the D and V components of the field related in such a way as 
to suggest that ATS-6 has entered a region of current fluxes parallel to 
the H direction. Clearly, if this supposition is correct, the particles of 
this current system are, in some way, removing the energetic electrons 
and creating a dropout. These short-period dropouts will be subjected 
to further study in collaboration with the ATS-6 experimenters. 
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B. 


Preliminary ATS-6 Electron Environment Model 
There is» at the present time, considerable interest in obtaining 
data on the energetic electron environment of the outer zone. This interest arises 
because recent production lots of CMOS (complementary metal oxide semicon- 

4 

ductor) chips have shown sensitivity to radiation damage at dosages around 10 
rads. i. e. . a factor of'*’’ 100 lower than the susceptibility level of earlier CMOS 
lots. These CMOS chips are widely used in spacecraft systems. The evaluation 
whether these "soft" CMOS need to be shielded in a particular application 
requires more accurate knowledge of the electron radiation environment. Since, 
typically, electronic components are buried under some shielding, the spectrum 
of energetic electrons is of considerable interest and the ATS-6 data can provide 
relevant and timely information to spacecraft designers and operators. 

Accordingly, we have carried out a compilation of a 
limited set of ATS-6 data in order to prepare an environmental model along the 
lines described in (Ref. 1,2, 3). ATS-6 electron fluxes for 45 days from Day 201 
1974 through Day 250 1974, were formed into hourly averages for each energy channel. 
These averages were then sorted to give the probability P(F>F ) of observing an 
integral flux greater than F . The results of this study are presented in Fig. 6 
Comparison of the data presented with model environments 
indicate good agreement with the AE4 environment (Ref. 4) at energies below 
1. 5 Mev. At higher energies, electron fluxes as observed by ATS-6 appear to 
be higher than predicted by AE4. Recall that the ATS-6 data for this study was 
obtained off the equator while the AE4 data shown in Fig. 6 represents equatorial 
fluxes. Hence the differences at higher energies may be even greater than shown. 
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C. ATS-1 Electron Environment Model 

In an earlier report (Ref. 2)we had analyzed ATS-1 data 
for the 1966, 1967, 1968 time interval and had prepared a compilation of 
data which presented the probabilities of observing electron fluxes above 
various energy thresholds as a function of local time, magnetic activity, etc. 

It was of interest to perform a similar analysis on the limited 
data set of ATS-1 data obtained in mid- 1974 in order to compare these results 
with the earlier work. 

We chose, for this comparison, to analyze the E^ (>1.05 MeV) 
and E^ (>1.9 MeV) data channels because we expected that the detectors associated 
with these channels were less affected by radiation damage than the less heavily 
shielded detectors. 

ATS-1 data (integral fluxes > 1. 05, >1. 9 MeV) for Days 196-212, 
1974 were formed into hourly averages and the probability P(F>F ) of observing 
an integral flux greater than was calculated. These results are presented in 
Fig. 7, where we also present the results of the earlier (1966-1968) study. 

The surprising result emerges that the flux of energetic electrons 
at the synchronous orbit was, on the average, higher during 1974 than during the 
1966-1968 time period. This result is admittedly very preliminary, being based 
on a verj' limited data set which may not at all be representative of the average 
magnetospheric conditions existing during all of 1974. The period for which 
data were available in 1974 (15 through 31 July) was marked by relative mag- 
netic quiet. Qualitatively, we might expect that during a period of extended 
magnetic quiet, the energetic electron fluxes can build up, on the average, to 
high levels without being wiped out by frequent magnetic storms. Thus, on the 
average, trapped fluxes during solar minimum might exceed the average fluxes 
observed during solar maximum when recurrent magnetic activity prevents 
the buildup of high fluxes of trapped electrons (through increased loss rates 
from the region of observation through precipitation and diffusion). It is 
important to note that these arguments apply only at high L-values, or lower 
L-shells the converse situation appears to be true because increased magnetic 
activity increases the flux of energetic electrons which are found at, say, L=4. 

The ATS-1 comparison described earlier and presented in 
Figure 7 might be qu**stioned on the basis that instnamental performance 

PRECEDING PAGE BLANK NOT FIL ME Q 
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Figure 7. Comparison of ATS-1 data obtained (primarily) in 1967 with 
1974 observations. Plotted are the probabilities of observing integral 
fluxes greater than for two electron energy thresholds. 



had degraded to the point that such a compariaon was no longer valid. 
Recall, however, that the energy thresholds on the channels used in this 
comparison are determined primarily by the thickness of the shielding 
covering the detectors --an invariant of the system. All reasonable modes 
of degradation of the ATS-1 experiment lead us to expect a lower counting 
rate for an instrument damaged by radiation. We therefore conclude that 
the observations made in 1974 are valid. 

Analysis of additional ATS-1 data, obtained in 1975, is 

in progress. 
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D. ATS-l/ATS-6 Data Comparisons 

The first data on energetic electrons obtained by ATS-6 showed 
that the electron fluxes were much more dynamic than earlier observations 
(Ref. 5 ) on ATS-1 had indicated. ATS-6 data indicated the virtual dissappear- 
ance of energetic electrons during portions of the orbit in the night-time quadrant. 
Such "dropouts” were observed only rarely on ATS-1. In order to make a quanti- 
tative check on this impression, data was obtained from the experiment from ATS 
for the same time period for a direct comparison of ATS-6 and ATS-1 energetic 
electrons observations. These comparisons are illustrated in Figures 8 and 9 . 
Figure 8 illustrates observations made during a magnetically quiet period (Day 201) 
which was proceeded by three days of magnetic quiet. In general, ATS-6 and ATS-1 
energetic electron count- rates show similar behavior. The sharp decreases in flux 
near 0430 UT and 0630 UT visible in the ATS-6 data are the results of substorms. 
Note that the effects of substorm on the energetic electrons are much attenuated at 
ATS-1 as compared to ATS-6. 

During geomagnetically active periods, there is a very substantial 
difference in the count- rates observed by the two spacecraft. Figure 9 illustrates 
a comparison of observations made at ATS-6 and ATS-1 during a disturbed period. 
Note the total disappearance of flux at ATS-6 while ATS-1 always observes finite 
fluxes. 

The differences phenomenology appear to be due to the different 
magnetic latitudes of the spacecraft. ATS-6 is located at about 10° magnetic 
latitude at its location of 94° W longitude, while ATS-1 is almost exactly on the 
magnetic equator at 150° W. The ~ 10° difference in magnetic latitude appears to 
be sufficient to place ATS-6, at times, into regions of space devoid of energetic 
electrons. Substorms, for example, as illustrated in Figure 8, have a greater 
effect on the energetic particle population off the magnetic equator. We can postulate 
that, during the later stages of a substorm, the geomagnetic field relaxes to more 
dipole-like configuration and the boundary of energetic particle trapping moves 
inward and equatorward past the ATS-6 spacecraft. 

The comparisons of ATS-6 data with ATS-1, while still preliminary, 
indicate a surprisingly steep gradient in the energetic electron population as one 
moves away from the equator, in other words, a disk-like region of trapping of 
energetic electrons near 6.6 R^. 


- 17 - 









o 



S8Z’I/SiNnOO 

I-SIV 



-I- 


ATS-6 LOCAL TIME 


9-SiV 





s^Z'O/SiNnOD 

9-SiV 


Figure 9 . Comparison of ATS- 1 electron observations with ATS-6 

electron observations during a time period when the geomagnetic field 
is disturbed. 





E. Studies of Access of Solar Protons 

ATS- 6 data obtained during the solar proton events of July, 

1974 and September, 1974 have been reduced and are being analyzed in order to 
study: a) the penetration of solar protons to the synchronous altitude, b) the effects 
of changes in the geomagnetic field on the efficiency of penetration and c) the effect 
of impult;ive changes (sudden commencement) on the solar proton fluxes. Solar 
proton data for covering the same time period, but obtained outside the magnetosphere 
have been obtained and are being studied. 
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VI. 


Transfer of ATS-6 Data to NSSDC 

Preliminary discussions were held with Dr. Reames of NSSDC 
regarding the transfer of our ATS-6 data to the Data Center. The format of 
the present production output appears, to first approximation, to be compatible 
with the needs of NSSDC. There appears to be a need for additional documenta- 
tion regarding our experiment as well as documentation describing the processing 
of the data and the formats of the outputs. 

Assuming that no major anomalies in the data are discovered in our 
present and future production runs, the details of the transfer process will be 
reviewed with NSSDC before the end of 1975 and data transfer will begin in early 
1976. 


-21- 



vn. 


Future Plans 

Future efforts in this project can be logically divided into two categories: 
program/data reduction inaprovements and scientific analysis of the data. Describing 
plans in the former area is considerably simpler than attempting to forecast the 
directions the data analysis will take. 

A. Program/data reduction improvements 

Although very considerable progress has been made in developing 
an efficient data reduction program, there is still room for improvement, both in 
economics as well as presentation format. The list below of additional tasks is 
meant to be representative, not exhaustive. 

1. Document existing program 

2. Incorporate iterative (spectrum- sensitive) techniques for 
count to flux conversion 

3. Coordinate with NSSDC and change output format » if 
required, to be compatible with NSSDC requirements 

4. Develop additional routines for data handling and 
presentation 

a. B-field presentation and correlation with e-fluxes 

b. Input of geophysical data 

c. Analysis of long-term data and data trends 

B. Scientific Analysis 

The following projects are being pursued. The list is indicative 
of the priority being given to each task. 

1. Construction of ATS- 6 model electron enviro;iment 

2. Comparison of ATS-6 data with ATS-1 data 

3. Investigation of the solar proton events of July and 
September of 1974 

4. Cataloging of periodic oscillations observed in the 
electron flux 

5. Cataloging short period flux drop-outs which may be 
indicative of Birkeland currents. 
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